Introduction
Nehemiah Grew (1641-1712) was a botanist and secretary to the Royal Society. His election as a fellow was proposed by Robert Hooke.
1 As well as his work with botany, Grew was also a chymist of some standing. After receiving his BA from Cambridge in 1661-1662, Grew went on to receive his medical degree from Leiden, writing a dissertation on the liquors of the nervous system, utilizing Sylvius de la Boë's well-known acid-alkali iatrochymistry (medical chymistry) as the basis for his analysis. 2 Grew's continued devotion to chymical research was applied to his botanical work. Grew thought it was necessary to perform a chymical analysis of the contents of plants both air and liquid, their colours, interacted, allowing us to elucidate the boundaries and relationships between seventeenth-century art and science.
Paracelsian Chymistry, Salts, and Color: A Reaction Against Aristotle
The chymistry of color was a source of fascination and fundamental debate for early modern English natural philosophers, particularly for natural historians for whom color could serve as a classificatory principle. There was, however, a fundamental debate about the chymical source of color in early modern England. This debate stemmed from Aristotle's belief that color is something transmitted from an object to the eye through a medium called the diaphanos or the 'transparent', creating an intromission theory of vision. (Whether light itself needs to be transmitted to the eye, or indeed whether we can see light in addition to color, was a disputed question among medieval scholastics.) 11 Thus, the color of the object is an intrinsic property, like its weight or taste. More specifically, scholastics believed that color was related in a variety of ways to the material's hot and cold qualities. 12 Hotness and coldness were among the most fundamental characteristics of matter in the sublunary area, 12 "Related" here can mean a number of things, and the scholastics were meticulous in their distinctions. Some, who adhered to the pseudo-Aristotelian De coloribus and Galen's writings connected colors directly to the elemental bodies themselves; others thought color was the elemental qualities in some way. Others held that color was fundamentally a ratio of the body's density and rarity; density and rarity were affected by hot and cold, but not reducible in any sense to a substance's intrinsic hot and cold, and indeed the condensation of surrounding cold was a significant factor in determining the color of some phenomena. In any case, the issue was quite complex. My thanks to Tawrin Baker for these points.
something later mechanists would deny. 13 As Aristotle also promoted a causal thesis of perception, that "the capacity of a sensible quality to produce perception has as its causal basis the intrinsic nature of the quality," this meant that when applied to color, the inherent quality of a red object is what makes us perceive it as red. 14 Moreover, the object's inherent quality of redness also meant it could be a sign that the object had an inherent quality of heat as well. 15 Whiteness usually meant the object may have had an inherent cold quality.
In contrast, many Paracelsian chymists found such arguments absurd, arguing that color was not due to the object's hot and cold qualities, the most prominent chymists arguing that color derived from saline principles. Joseph Duchesne's (1544-
1609) Practice of Chymicall and Hermeticall Physick (1605), translated by the
English chymist Thomas Tymme, was the "first work in England to explore such debates, as well as the significance of salt in the Paracelsian system to an English audience." 16 The term 'salt' in the early modern period was a vague one, but usually encompassed a group of "solid soluble, non-flammable substances with characteristic tastes" and a crystalline structure. 17 Tymme first defined salt as "the chiefest means by whose help Nature bringeth forth al vegetables, Minerals, and Animals." 18 It was 13 Todd Stuart Ganson, "What's wrong with the Aristotelian Theory of Sensible Qualities?," Phronesis, 42, 3 (1997) , 263-282, on 264.
14 Ganson, "What's wrong," 276. 15 This statement is made with the proviso that many Galeno-Aristotelian physicians would agree with this only insofar as it applies to animal bodies, and this sign might not be always vapours, which lye hid in the Salt," so color stemmed from its saline components, and was not related to heat or cold at all.
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As an example of this, Duchesne utilized saltpeter or nitre. Nitre though "white as snow […] from which whitenesse, may be drawen infinite sorts of colours, most excellent to beholde" dying the body of the alembic with colors "of no less varietie, then are the flowers of the earth in the time of the Spring."
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Another publication, the Surgeon's Mate (1655) by John Woodall, the first Surgeon
General of the East India Company, was a practical treatise concerning Paracelsian and naval medicine; it confirmed "all colours strange in salt are seen."
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The multiplicity of colors within certain salts as well as their crystalline structure also seemed to confirm they were building blocks of matter. The entire second part and most of the third of Duchesne's Practice concerns the "hermeticall" or spiritual nature of the "hermaphroditical" salt, an "ideal Platonic form of salt."
Chymists like Duchesne, as well as Johann Glauber (1604-70), and Nicaise La Febvre (1610-1669) claimed that there was a "hermaphroditical" or formative salt believed to be responsible for the minerallogenesis, reproduction and the generation of matter. 26 As Norma Emerton has indicated, in the early modern period, "as the instrument of the form, as embodiment of the generative seed and spirit, and as the knowledge of pigments ground in a mortar or mixing on a palette made him realize from microscopic observation that whilst some color changes were due to physical changes in pigments, most were chymical in nature. As an example of a physical color change caused by grinding of pigments, Hooke noted that if you take blue smalt, you shall find, that to afford the deepest Blue, which caeteris paribus has the greatest particles or sands; and if you further divide, or grind those particles on a Grindstone, you may by comminuting the sands of it, dilute the Blue into as pale a one as you please.
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There was a "significant lacuna in the 17th-century painter's palette," primarily "the lack of the so-called 'strong colours'; Only a handful of bright, stable and workable colours existed." 57 And when pigments were physically mixed, the new color was usually less brilliant than original components. This was particularly the case with smalt, which was ground blue cobalt-containing glass. When poured into cold water, it disintegrated into particles, which were ground into a pigment that substituted for natural ultramarine. Because its particles were transparent, it had low covering power, so for use as a pigment, it had to be coarsely ground or the color became faded. Since the physical properties of light also seemed to originate in some sort of motion, such as combustion or rubbing, Hooke also concluded that light was vibrative in nature, travelling from its source to the eye of the beholder by pulses or waves.
Hooke postulated that one side of the light wave, when striking obliquely upon any optical surface produced red light, while the other produced blue. As Alan Chapman concluded:
Red and blue therefore were simply the products of the inevitable angles and changing planes and forces of impact which the extreme axes of a sinusoidal wave must penetrate a transparent optical surface, being thereby the result of curves and planes in collision. The intermediate yellows, greens, or oranges were in essence vibrative resonances between the two, as each individual wave pulse penetrated a medium from an ever changing angle of impact.
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From these experiments, Hooke then went on to develop his conclusion that color was "an oblique and confus'd pulse of light," and thus a mixture of projected light might only involve these two contraries of red and blue, and the rest of the intermediate colors resulted simply from these contraries being intermixed.
To demonstrate this hypothesis at the corpuscular microlevel, Hooke referred the reader to the diagram below (Fig. 7) As Shapiro has indicated, to explain how colours are generated, Hooke adopted the same explanation as he used for thin films, that of a duplicated or split pulse front in which the weaker pulse either precedes the stronger one to produce blue or follows it to produced red and yellow […] if the tinging particles slow down the light pulses, then red is generated, for as a pulse proceeds through the coloured particles of the body, a weak pulse PP is gradually formed following the stronger one OO; but if light moves more swiftly through the tinging particles, then blues are generated.
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Hooke then referred the reader to another figure (Fig. 8) showing a colored corpuscle, which has a greater refraction than its solution. If CD is a lightwave propagated through the medium, it will be impeded by the corpuscle, refract, and would lag behind lightwaves that did not encounter the colored particles. Hooke concluded that as the lightwaves " do meet with more and more of these tinging particles in their way, by so much more will the pulse of light further lagg behinds the clearer pulse, or that which has few refractions, and thence the deeper will the colour be and the 64 Hooke, Micrographia, 68.
65 Alan Shapiro, Fits, Passions, and Paroxyms (Cambridge, 1993), 102-3. fainter the light trajected through it.
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This was because "not onley many waves are reflected from the surfaces" of the corpuscles, but those waves that "did get through" the medium "are very much disordered." We recall that Hooke postulated that one side of the light wave, when striking obliquely upon any optical surface produced red light, while the other produced blue.
Thus, "those Saline reflecting bodies" that dilute the color of blue light, deepen the color of red light, and vice versa. tried concerning Cochineal which of itself is red, that upon the affusion of the Oyl of Vitriol, that is, an Acid salts, it strikes the most vivid crimson that can be imagined; and with … Alcalys, it will be again changed into an obscure violet twixt a violet and a purple. underlay their structure, leading Grew to assert "we must not only consider the visible Mechanism of the Parts, but also the Principles of which they are composed;
wherewith, Nature seems to draw her first Strokes." 81 For him, the key to the plant's regular structure, "the chief Governing Principle" lay in the "Saline whether Alkaline, Acid, or of any other Kind: being in some sort as the Mold of a Button, to which the Robert Boyle, they demurred, claiming a saline menstruum could only cause material and corpuscular interactions to alter color. Artisanal techniques such as pigment grinding and investigations into the chymical properties of textile dyes also influenced conceptions of color and matter theory amongst seventeenth-century English virtuosi, demonstrating the close relationships between seventeenth century art and science.
These relationships are epitomised by Robert Hooke, who united saline corpuscularianism, optics, and color theory from working artists to argue persuasively that salt chemistry was at the basis of color in the natural world. Some of these principles were in turn used by Nehemiah Grew to suggest that understanding principles of saline chymistry could be another means for the chymist to be an even more powerful artist of nature. Not only was color chymistry an analytical tool for seventeenth-century natural historians, it was a creative one, using disciplinal practices and concepts of different 'color worlds'.
SUMMARY: Before Newton's seminal work on the spectrum, seventeenth-century
English natural philosophers such as Robert Boyle, Robert Hooke, Nehemiah Grew and Robert Plot attributed the phenomenon of color in the natural world to salts and saline chymistry. They rejected Aristotelian ideas that color was related to the object's hot and cold qualities, positing instead that saline principles governed color and color changes in flora, fauna and minerals. In our study, we also characterize to what extent chymistry was a basic analytical tool for seventeenth-century English natural historians.
